Over the past 5 years, few issues in neuroscience have In the past, the majority of investigations have therefore focused on the accumulation of amyloid ␤-protein (A␤) and the paired helical filaments, and very little tein (APP) metabolism thereby facilitating plaque attention has been paid to changes in the metabolism of formation. To investigate the possible sequence of glial cells, which surround neuritic plaques throughout events in the latter scenario further analyses were made their development. Studies on postmortem brains from of the production of cytokines in reactive glial cells, AD patients have revealed marked increases in the levthe effects of these cytokines on the metabolism of the els of cytokines or growth factors. The amounts of different APP isoforms, and the effects of A␤ peptide nerve growth factor (NGF), basic fibroblast growth facon synthesis and secretion of cytokines in glial cells. tor (bFGF) and transforming growth factor-␤ (TGF-␤)
A number of cytokines, including bFGF, TGF-␤, are increased by about 50%, 110% and 80%, respectinterleukin-1 (IL-1), IL-6, are markedly increased in the ively and choline acetyltransferase (ChAT) activity is brain after injury, presumably as part of a specific prodecreased by about 70% in AD temporal cortex tective response mechanism. The reactive astrocytes ( Figure 1) , with no major changes in the pharmacokiand microglia are responsible for the increases in these netics of their receptors. [2] [3] [4] [5] Immunocytochemical studcytokines. 5, 10, 11 However, the elevation in expression ies have shown that the elevation of cytokines is of IL-1, IL-6 and tumour necrosis factor-␣ has been mainly in glial cells associated with plaques.
3,5-9 Since observed within 6-8 h after brain injury, and mRNA some of these cytokines support the survival of neufor IL-1␤ is induced within 15 min of forebrain ischaerons in culture, this raises a number of questions, mia. 10, 12 This would indicate that the localized synincluding whether the cytokines are related to the disthesis of cytokines at the site of brain injury propagates ease process or are simply secondary to cell injury, and the microglia and astrocyte reactions in an autocrine what role they play in the development of the disease.
manner, which in turn will increase cytokine proTo account for these findings, we proposed that in AD duction. the normal balance of metabolic pathways regulating These cytokines also play an important role in the cytokines is disrupted. Reduction in cytokines may regulation of neural cell specific splicing of APP. 7, 8 The result in neurons being deprived of neurotrophic fac-APP protein is encoded by a single gene on chromotors while an excess may initiate a cascade of interacsome 21, containing 19 exons of which three (exons 7, 8 and 15) are alternatively spliced, producing eight tions between glial cells and ␤-amyloid precursor pro- Figure 2 Amounts of KPI-containing and total APP in neurons and in astrocytes after treatment with bFGF and TGF-␤1. Rat astrocytes, subcultured once, grown for 4 days in vitro were treated for 2 days with either 12.5 ng ml −1 bFGF (A-bFGF) or 40 ng ml −1 TGF-␤1 (A-TGF) or vehicle only (A-Con). 7, 8 Primary cultures of neurons were derived from the cerebral cortex of 18-day-old embryonic rats and grown for 7 days in vitro.
11 Representative immunoblots of soluble factions of cell homogenates were prepared first using (a) polyclonal AP-2 antibody specific to KPI-containing APP isoforms (APP KPI ) and then after destaining with (b) mab anti-APP 22C11 antibody recognising N-terminal end of all APP isoform proteins.
14,16 In contrast to neurons (Neu), astrocytes contained mainly KPI-containing APP isoform proteins. The amounts of these proteins increased in astrocytes after treatment with senile plaques-associated cytokines, bFGF and TGF-␤1. different isoforms. 7, 8, 13 Exon 7 codes for a 57-amino loidogenic pathway, which cleaves APP at amino acid 16 of A␤ by a putative ␣-secretase. But in the brains of acid domain with homology to a serine protease inhibitor of the Kunitz-type (KPI), and exon 15 codes for an AD patients, the balance is presumed to be shifted from the non-amyloidogenic to the amyloidogenic pathway 18-amino acid domain 16 amino acids upstream of the A␤ sequence. Using a semi-quantitative reverse tranproducing full-length A␤. This full-length peptide readily aggregates in a ␤-pleated sheet structure, scription-polymerase chain reaction method, we showed 7, 8 that more than 85% of APP mRNAs which, in turn, results in the development of senile plaques. Thus, these changes in the regulation of alterexpressed in astrocytes and microglia were for KPIcontaining isoforms, APP 751 and APP 770 , while neurons native splicing of the APP gene with an excess production of exon 8-containing isoform and no proexpressed mainly the non-KPI-containing isoform, APP 695 . Also, in contrast to neurons, significant levels duction of exon 15-containing isoform would modify the properties and tertiary structure of the APP protein. of transcripts lacking exon 15 are present in glial cells. 13, 14 In comparison with controls, treatment for 2 These alterations may change the pattern of APP proteolysis and thus the production of A␤ peptide in AD days with bFGF (12.5 ng ml ) upregulated the expression of these APP isoforms even further. 7, 8 Both these cytochange astroglial cells progressively to the reactive state, normally seen in vivo in astrocytes associated kines were mitogenic to astrocytes as measured by an increase in [ with senile plaques in AD, and to increase bFGF and IL-1 secretion in both cultured astrocytes and Since epidermal growth factor (EGF) increases proliferation of astrocytes 15 but does not appear to be accumumicroglia. 14,17 In line with the above mentioned findings, this will increase the synthesis of specific isolated in astrocytes associated with senile plaques in AD, we also tested the effects of EGF (20 ng ml −1 ) on forms of APP in infiltrating astrocytes near the senile plaque. More APP can then become available for the regulation of APP isoform mRNAs. As expected, in comparison with bFGF and TGF-␤1, EGF produced aberrant processing into A␤, which will then further stimulate the whole process in astrocytes and negligible elevation in the expression of APP 770 and APP 751 mRNAs. Western blot analysis using purified microglia. This positive feedback cycle involving A␤ and glial cells could lead to a cascade of events that antibodies against N-terminal (AP-1), KPI (AP-2), A␤ (AP-4) and C-terminal (AP-5) regions of APP supported contribute, in part, to plaque development. 3, 7, 8, 14, 17 Even though possible detrimental effects of cytokines the mRNA results. Levels of KPI-containing APP proteins (recognized by AP-2 antibody) were much greater on neuronal APP metabolism close to the site of the initial lesion cannot be excluded, in the context of the in astrocytes than neurons (Figure 2 ).
14 In fimbria-fornix lesioned rat hippocampus, AP-2 labelling was above proposal, it is interesting to note that, both clinically and pathologically, AD appears to be a single disspecifically increased in glial fibrillary acidic proteinpositive reactive astrocytes. 16 In addition, treatment ease, but it has several unique etiologies. Of a number of factors leading to cerebral amyloid deposition, genwith bFGF and TGF-␤1 significantly elevated the amounts of KPI-containing APP proteins in astrocytes etic susceptibility and traumatic head injury remain the most consistent risk factors. Injury to the brain (Figure 2 ). A␤, a major component of senile plaques, is generated by proteolysis of APP.
1 Under nonpathologiinduces expression of cytokines, including IL-1, TGF-␤ and bFGF, 5 ,10,12 and in human brain it has been found cal conditions APP is processed mainly by a non-amy- 
